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Conventional MCPs fabrication path  

Hydrogen annealing  

converts  PbOx  into 

semiconducting Pb and H2O 

PbOx Glass 

J. L. Wiza, Nucl. Instrum. Methods 162, 587 1979. 
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Conventional MCPs 

Channels 

P=10-6 Torr 

• A pore resistance ~ 1012-1015  

• MCP resistance =10M-1G 

• V across a MCP 1200V 

• Secondary electron emission (SEE) coefficient ()  Pb <1.5 

• Gain = 104-107 

Source: Photonis and Hamamatsu  
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• Gas electron multipliers  • Photomultiplier tubes 

• Electron microscopy  • High energy physics 

• Field emission displays • Nuclear physics 

• Time-of-flight (ToF)  
• mass spectrometry 

• Night Vision Devices 
 

• Molecular and atomic  
• collision studies 

• Medical imaging  
• (PET scanners)  

• Security  Scanners • Astronomy 

• Neutron detector • High surface area template 

• Gas sensors • X-ray imaging 

MCPs Applications 
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Conventional MCP detectors 

Channels 

• Continuous-dynode electron multiplier 

MCP Photomultiplier tube( PMT) 

http://www.hamamatsu.com/ 7 
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Conventional MCP Fabrication 

Draw  lead glass fiber bundle 

Slice, polish, chemical etch 

Heat in hydrogen  

Top/Bottom electrode coating (NiCr) 

Drawbacks 

Expensive 

MCP resistance and secondary emission properties 
are linked to semiconducting Pb 

Limited optimize MCP performance for 
applications where lifetime, gain, substrate size, 
composition and thermal runaway are important  

 
 
 

MCP fabrication methods and advantages/drawbacks 

Overseas order, size and cost 
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MCPs development @ Argonne 
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Background: DOE LAPPD project  

 
 Apply the basic concept of “micro-channel plate” (MCP) detectors to the 

development of large-area photo-detectors (LAPPDs) [8”x8” MCP ] with 
quantum efficiencies and gains similar to those of photo-tubes.  

– Higher or similar quantum efficiencies and gains  to photomultipliers 

– Use in wide range of applications 

 To design and fabricate “economical” robust LAPPDs that can be tailored for 
a wide variety of applications that now use photomultipliers. 

 

Photocathode 
Development 

Functionalization of 
MCAs by ALD =MCPs 

Hermetic Packaging Electronics 

LAPPD  
Project 
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MCP PMT comparison (form factor=8”) 

 Argonne MCP LAPPD Approach 

Hamamatsu  

MCP-PMT 
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MCP functionalization comparisons: 

(a) As received capillary glass array  (MCA) substrate (e.g. borosilicate glass, plastic, ceramics etc….)  

(b) Plan-view SEM of capillary array front surface,  

(c) Schematic cross section of fully-functionalized MCP,  

(d) Schematic cross section of individual MCP pore after ALD functionalization 
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Also we can fix or improve  

conventional MCPs by ALD route 



Conventional MCP Fabrication 

Draw  lead glass fiber bundle 

Slice, polish, chemical etch 

Heat in hydrogen  

Top/Bottom electrode coating (NiCr) 

Drawbacks 

Expensive 

MCP resistance and secondary emission 
properties are linked to semiconducting Pb 

Limited optimize MCP performance for 
applications where lifetime, gain, substrate size, 
composition and thermal runaway are important  

 
 
 

Argonne LAPPD Approach 

Start with porous, non-lead substrate 

ALD (resistive + SEE layer)  coating 

Thermal treatment  

Top/Bottom Electrode coating (NiCr) 

Advantages 

Independent control over composition of Resistive and 
SEE coating 

Low thermal runaway 

Applicable: Ceramics, SiO2, plastics, polymers MCPs 

Low cost (No major issue for scale-up with ALD) 

 
 
 
 

MCPs fabrication methods distinction 

 Bare MCP        ALD (R+SEE)        Electrode (NiCr) 

33 mm 

“Made in USA” capabilities 

Economical 
Overseas order, size and cost 
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Starting Substrate for MCPs: 

Borosilicate Glass Micro Capillary Array (MCA) 
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Micro Capillary Array (MCA) glass 

Figure 1: (a) Drawing of hollow 

glass tubes to form capillaries. 

(b) Bundles of capillaries re-

drawn to from multis and multi-

multis. (c) Pressing into block. 

(d) Block after fusion. (e) 200 x 

200 mm MCA after slicing, 

grinding and polishing. 

(a) (b) (c) 

(d) (e) 

Slicing,  
Polishing,  
cleaning 
 drying 

Size =9”x9”x18” 
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Large area Capillary Glass Array Substrates for MCPs 

• Surface area = 8.7 m2 

• Pore size = 20m 

• Thickness of plate=1.2mm 

• Aspect Ratio = 60 

• No. of Pores = ~80Millions 

• Porosity = 65% 

• Bias Angle = 8o 

• Sensitive Surface  to OH 

• Very challenging substrate to coat for “any” thin film deposition method 

• Atomic layer deposition method is ideal 

20cm 

20cm 

Complex  Geometry 

1x8”x8”~125x 300mm Si wafers 
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Atomic Layer Deposition Method 
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Atomic layer deposition: 
Sequential precursors  vapors introduction into reaction chamber 

•Precursor introduce separately in time and space 

•Involved self-limiting film growth via alternate saturated surface reactions 

 
18 



QCM study of ALD Al2O3 

Elam et al, Rev. Sci. Instrum., Vol. 73, No. 8, August 2002 

Evaluation of optimum dose / purge parameters 

ALD precursors dependent 
19 



ALD Method Advantages  

(due to self limiting growth mechanism) 

 Extremely accurate thickness and composition control of mixed oxides, graded layer 
and nano-laminates 

 Unique film step coverage compared to any other deposition technique 

 Wide range of film materials available 

 Lower deposition temperature can be used for sensitive substrates than in CVD 

 Batch processing 

 Low impurity level of the films enable excellent physical and chemical properties 
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Linear and conformal materials growth by ALD 

Elam et al, Chem. Mater., Vol. 15, No. 4, 2003 

e.g.  

1)ALD of Al2O3 by TMA and H2O 

2) ALD of ZnO by DEZ and H2O 

21 



ALD on high surface area: E.g. Silica particles 

Uniform infiltration of nanoporous solids Thin Solid Films 516 (2008) 6158–6166 

22 



Advantages (due to self limiting growth mechanism) 

 Unique film step coverage compared to any other deposition technique 

 Wide range of film materials available 

 Extremely accurate composition control of mixed oxides, graded layer 

 and nanolaminates 

 Generally deposited films have less impurities than the films made by other 
deposition techniques at the same deposition temperature 

 Lower deposition temperature can be used for sensitive substrates  

 than in CVD technique 

 Batch processing 

 Highly repeatable film thickness 

 High density and low impurity level of the films enable excellent physical and 
chemical properties 

W 

Al2O3 

Materials Science and Engineering C 27 (2007) 1504–1508 Appl. Phys. Lett. 2006, 88, 013116. 
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Advantages (due to self limiting growth mechanism) 

 Unique film step coverage compared to any other deposition technique 

 Wide range of film materials available 

 Extremely accurate composition control of mixed oxides, graded layer 

 and nanolaminates 

 Generally deposited films have less impurities than the films made by other 
deposition techniques at the same deposition temperature 

 Lower deposition temperature can be used for sensitive substrates  

 than in CVD technique 

 Batch processing 

 Highly repeatable film thickness 

 High density and low impurity level of the films enable excellent physical and 
chemical properties 

For CVD = 100-900C 

For ALD  = Room temperature to 350C  

Chemical Reviews, 2010, Vol. 110, No. 1  

 TEM image of ZrO2 nanotubes fabricated in polycarbonate Langmuir 2010, 26(4), 2550–2558 
Eastman Kodak Company, 2009 
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Advantages (due to self limiting growth mechanism) 

 Unique film step coverage compared to any other deposition technique 

 Wide range of film materials available 

 Extremely accurate composition control of mixed oxides, graded layer 

 and nanolaminates 

 Generally deposited films have less impurities than the films made by other 
deposition techniques at the same deposition temperature 

 Lower deposition temperature can be used for sensitive substrates  

 than in CVD technique 

 Batch processing 

 Highly repeatable film thickness 

 High density and low impurity level of the films enable excellent physical and 
chemical properties 
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ALD method flexibility and advantages: 

20x (8”x 8”)  

substrates 

One 200mm wafer Many parts 

Multiple 

substrates 

26 
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Materials requirements for MCPs 

Mane et al, SPIE 2011 

1. Dry and clean porous substrates (MCA) 

 

2. Uniform and conformal deposition of desire materials by ALD  

      -Stable resistive material layer (to generate electrostatic field) 

• Material resistivity range =106-1010 -cm 

       -Stable secondary electron emission layer (signal amplification) 

 

3. Stable Contact electrode (e.g NiCr, W, TiN, etc.) for electrical contact) 

 especially by PVD electrode penetration normally a pore diameter)  

27 



“Mid-Range” Resistivity Materials 

 Practically no naturally occurring materials with “mid-range” 
resistivity of 106-1010 Ωcm 

 Must be synthesized or engineered 

Resistivity (Ω cm) 
Requirement: 

“mid-range” 
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• Mixing compatibility at nano scale  

• Precisely control growth method for complex high surface area and aspect 

ratio structures? (ALD processing method is favorable)  

• Practical use: Reliability, Stability, Manufacturable and Low cost  

 

• Few prior resistive materials by ALD:  

   -AlZnOx, NiAlOx, CuAlOx, TaZrOx, Pt-MgO, MgZnOx, SnAlOx, NbTaOx, etc. 

•  Issues: Resistivity control, Stability, Precursors nature, Processing cost, etc. 

 

Tunable Thin Film Resistive Coatings 

“Mid-range” 

Tunable resistivity:  

106-1010 Ω-cm 

29 



 
Argonne ALD Nanostructure M-Al2O3 Composite Films 

(Where M = W or Mo)  Materials Engineering and 

Characterizations  

 

 
Granted  patents from this work for lab:   

US 8969823  

US 8921799  

US 8604440  

30 



ALD capability at ES division (building 362) 

 3 custom made ALD systems (10 precursors, up to 18x12” substrates) 

  ALD powder coating system (up to 1 kg powder) 

  Beneq TFS 500 ALD system (multiple 16” substrates)   

 Oxford FlexAL ALD reactor (plasma assisted ALD) 

  ALD systems equipped with in-situ FTIR, QCM, mass spec, resistivity 
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ALD Chemistries for Resistive Coatings 

• Precursors =  Al(CH3)3, H2O, WF6, MoF6, Si2H6   

• Precursor : High vapor pressure, availability, cost 

• Growth of pure layers : W, Mo and Al2O3 

• Growth composite  layers : W-Al2O3, and  Mo-Al2O3 

• Low temperature deposition processes (100-400oC) 

• Large area batch production 

Publications:  

Mane et.al., SPIE 2013 

Elam et.al., ECS 2013 

Mane et.al., CVD (2013) 186  

Tong et.al., APL 102 (2013) 252901 

 

And more publication by collations work :  

http://psec.uchicago.edu/library/doclib/ 
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5 nm 

 1-2 nm nanoparticles embedded in amorphous matrix 

TEM of Mo:Al2O3 
10%(Mo:Al2O3) 
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Electrical analysis 
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Process scale-up: ALD Mo:Al2O3 on 300mm Si wafer 
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Secondary electron emission layers by ALD 

 

Jokela et al, Physics Procedia 37 ( 2012 ) 740 – 747  
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Present processes for MCPs 

MCP substrates ALD Resistive 
layer 

ALD SEE 
layer 

PVD  
Electrodes 

Up to 8”x8”,  
Pore dia.=10, 20 and 40m 
Bias angle=8o 

Aspect ratio =40, 60, 100 

Al-ZnO 
Mg-ZnO 
W-Al2O3 

Mo-Al2O3 

Etc. 

MgO 
Al2O3 

Etc. 
 

NiCr 
(1D  end 
spoiling) 
Thermal 

evaporation 

40μm pore borosilicate  

MCA with 83% open area 

20μm pore borosilicate  

MCA with 65% open area 

10μm pore borosilicate  

MCA with 60% open area 
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 Gain is spatially uniform 

 Gain of ~ 104, (comparable to commercial MCPs) 

 Reproducible 

MCP Fabrication and Performance  

1. Mane et. al., Chem. Vap. Deposition, 19, 186–193, (2013) 

2. Mane et. al., Physics Procedia, 37, 722-732 (2012) 

3. Siegmund et. al. , Physics Procedia, 37, 803-810 (2012) 

33 mm capillary  glass  
array (Incom) 

With ALD Mo-Al2O3 resistive  
coating and ALD MgO  
emissive layer 

With PVD NiCr electrode 
Easy to functionalized  by ALD  
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Reproducibility of BKM ALD process for MCPs 
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Courtesy: M. Wetstein 
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Glass 

between 

pores 

ALD film 

Image a roughness= 0.634 nm 

 

Microstructure of W:Al2O3 on MCP pore (AR=60)  

MCP glass 

XTEM 

• Conformal deposition on high AR=60 structure 

• Uniform and atomically smooth film 

W-Al2O3 layer 
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MCP characterization details 

Phosphor image   Gain map     Background counts 
 3000 sec background,  

0.0845 events/cm2/sec at 7 x 106 gain, 

1050v bias each MCP 

Image of 185nm UV light, ALD MCP  

pair, 20μm pores, 8° bias, 60% OAR,  

shows top MCP hex modulation and  

faint MCP hexagonal modulation 

from bottom MCP 

Single MCP Image (Phosphor) 

•Excellent gain uniformity and low background (1/4th of commercial MCPs) 
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MCPs gain, life test and stability  

•Stable high gain and long life  

•Few days scrubbing in comparison to several weeks for commercial MCPs 
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Small MCPs processing OK but large area MCPs 

processing is difficult and challenging  

But resolved…….. 

05/25/2011          
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Large area Capillary Glass Array Substrates for MCPs 

• Surface area = 8.7 m2 

• Pore size = 20m 

• Thickness of plate=1.2mm 

• Aspect Ratio = 60 

• No. of Pores = ~80Millions 

• Porosity = 65% 

• Bias Angle = 8o 

• Sensitive Surface  to OH 

• Very challenging substrate to coat for “any” thin film deposition method 

20cm 

20cm 

Complex  Geometry 
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ALD of Mo on Large Area MCPs in  

conventional cross-flow ALD reactor 

Precursor Inlet MCP substrate 

•Very high thickness non-uniformity for Mo 

 

Underneath 300mm Si wafer 

MCP substrate after Mo 

MCP substrate after Mo 

Baseline 

No MCP 

MoF6 dose time variation 
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Finally we learned how to coat large area MCP 

substrates by ALD method 
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ALD of composite W:Al2O3 on Large Area MCA 

Uniformly coated ~80millions 20 micron pores with  

aspect ratio = 60 by ALD with complex materials •Uniform thickness and composition 

XRF W signal  

MCP 

MCP 
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Large area MCPs testing…… 
UC Berkeley, UoC, APS and ANL HEP  

50 



Gain uniformity 

Worlds largest working 20cm x20cm MCP (Gain Map) 

 

Received 2012 R&D 100 Award  

 

 

X-axis 

Y-axis 

Mean gain ~7 x 106 
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Gain map and background  

Background very low !! 0.068 counts 

sec-1 cm-2 is a factor of 4 lower than 

normal glass MCPs. 20cm MCP pair  

background, 2000sec,2k x 2k pixel imaging 

 

Pulse height distributions for 

UV and background 
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Gain map cross-delay line readout 
Expanded area view 

showing the multifiber 

edge effects. 

Image striping is due to the anode period modulation as the 

charge cloud sizes are too small for the anode. 20cm, 20μm 

pore, Al2O3 SEE, MCP pair image with 185nm non-uniform 

UV illumination 
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Large Area photodetector  

• High Gain (105-107) 

• Very Low Background 

• Excellent Stability 

• 10x psec time resolution 

• 100m spatial resolution 

• Less scrubbing timings 

Courtesy : Prof Ossy 
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LAPPD concept 

•Makes simple electrical contact  

(If all parts are optimized)  

•Option for individual component contacts 

55 
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Courtesy: APS team  



MCP Performance Testing Team 

APS, UoC, HEP  
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Current R&D on MCPs and  

photodetector fabrication  

at ES and HEP 
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 6cm Photodetectors Development 

Bi-alkali photocathode 

 (K2CsSb) 
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Bialkali photocathode deposition facility at HEP  

Quantum efficiency for K2CsSb achieved ~22% 
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Standard data sheet for ANL 6cm photodetector 
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Charge dissipation coatings for 

electron optics 

 

05/25/2011          
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Resistive coating (Mo:Al2O3) application to MEMS devices 

KLA-Tencor: “Reflective Electron Beam Lithography (REBL)” tool 
-REBL is a maskless nanowriter system writes device patterns directly on the wafer via electrons 

-Targeting high-volume (100 wph) 10 nm logic node performance for competitive cost of ownership. 

1.Gubiott  et al., Proc. of SPIE Vol. 8680 86800H-1 

2.Tong et al, Appl. Phys. Lett. 102, 252901 (2013) 

MEMS device: 

• CMOS controlled (248 x 4096)  

electron-optical mirror array (lenslets)  

at 1.6 μm pitch) 

• Pixel On/Off switch  by modulation 

of bottom potential 

 

MEMS Lenslets structure:  

• Oxide and metal electrode planes 

• Reflection of electron by adjusting  

      V on electrodes 
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Charge drain coating (Mo:Al2O3) application to MEMS devices 

. 

1.Gubiott  et al., Proc. of SPIE Vol. 8680 86800H-1 

2.Tong et al, Appl. Phys. Lett. 102, 252901 (2013) 

Major Issues: 

•MEMS device charging  

•Electrical breakdown 

•Shorter life (stability) 

•Non-performing segments of the MEMS lenslets caused by charge accumulation  
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Resistive coating (Mo:Al2O3) application to MEMS 

devices 
Coating stability  

Other binary oxides 

ANL MoALO coating (15nm) 

• Stable materials 

• Sustains high electric fields (25MV/cm) 

Lenslets structure:  

• Oxide and metal electrode planes 

• Reflection of electron by adjusting  

      V on electrodes 



Performance of ALD Mo-Al2O3 Composite Film on DPG 

 

 Improved resolution and contrast using Mo-Al2O3 composite film 

Nb2O3-Ta2O3 Alloy 

Images of DPG test pattern on phosphor screen: 

Mo-Al2O3 Composite 
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Test patterns of functional CMOS DPG chips imaged coated with 15nm ALD Mo:Al2O3 

1.Gubiott  et al., Proc. of SPIE Vol. 8680 86800H-1 

2.Tong et al, Appl. Phys. Lett. 102, 252901 (2013) 

Charge drain coating (Mo:Al2O3) application to MEMS devices 



05/25/2011          
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How we can use MCP-based detectors for 

“X-ray Beam Position Monitoring” ?  

 

 
Some thoughts and discussion with Dr. Kamlesh Suthar  

Objectives: 

•Focus on simple scheme 

•Economical (especially when quantity needed)  

•How to achieve fine resolution for x-ray beam position monitoring 

•Each sector detector can talk to each other (optional) 
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Concept # 1: For X-ray beam 

 

Each side  of detector is a  

MCP  strip  with 2 anodes 

•Use of only MCPs and gas particles  
-Similar to GEM detector concept but use of MCPs 

-X-ray beam will ionize gas particles and produce electrons in a cascade manner 

-These electrons will get amplify by different sections of MCPs but maximum signal will be  

         on one of the section of this detector    

Section 1 

Section 2 

Well aligned beam Beam 

Deflected beam 

Depend on the signal strength from various anodes and their position,  

we can adjust the beam position in a feedback loop with alignment magnets 

•No photocathode  

•Use of existing vacuum (internal placement) 

X-ray beam 

Ionized gas  

particles 

He 
valve 
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Concept # 2: For X-ray beam 

•Use of ANL developed low cost desire size photodetector tubes with 4 anodes structures  

•X-ray beam will generate electrons form photocathode 

•Detector will work as conventional photomultiplier tube    

Depend on the signal strength from various anodes and their position,  

we can adjust the beam position in a feedback loop with alignment magnets 

•External placement  

•Photocathode needed  

(Quality may not matter cause x-ray beam us powerfull??) 

Well aligned beam Beam 

Deflected beam 

X-ray beam 

MCP and anode designed stacked 
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Concept # 3: For e-beam storage ring 

•Use of only MCP(s) with 4 anodes structures  

•Internal placement placement  

•Distorted e-beam will fall on active MCP area and will produce current  

pulse due to electron multiplication on nearest “anode” 

Depend on the signal strength from various anodes and their position,  

we can adjust the beam position in a feedback loop with alignment magnets 

Well aligned beam Beam 

Deflected beam 

Storage ring  

e-beam 

•No photocathode  

•Use of existing vacuum (internal placement) 

MCP and anode  

designed stacked 
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Summary 

 
 
Tried to present flavors of   

•  ANL ALD materials synthesis capabilities at ES 

• Basics of ALD for novel material engineering 

• MCPs fabrication method and charaterisations  

• In-house MCP based detector development @ HEP 

• Applications of ALD coatings 

• Various achievements  

• Propose few concepts on MCP-based detectors for “XBPM” 

 

 Thank you!!! 
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License and technology commercialization 
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